Stearoyl-ACP desaturase (SAD), which catalyzes the first desaturation reaction of the most common pathway of unsaturated fatty acid synthesis in plants, plays a key role in determining the ratio of saturated to unsaturated fatty acids.
including linoleic acid and linolenic acid. PUFAs serve as important components of cell membranes, and also play a role in fat storage [1, 2] . Since the desaturation of stearoyl-ACP is the first step in typical unsaturated fatty acid synthesis in plants, SAD plays a key role in determining the ratio of saturated to unsaturated fatty acids in plants [3] .
SAD is the only soluble fatty acid desaturase that has been identified to date, and it affects many important physiological functions of plants. Because of its role in determining the ratio of saturated to unsaturated fatty acids, SAD affects membrane formation and helps maintain optimum membrane fluidity and semipermeability [3] . Although there are other fatty acid desaturases in plants, the SAD-catalyzed introduction of the first double bond at position nine in the fatty acid carbon chain is the most important desaturation for the gel state-liquid crystal state transformation of membranes [1] . SAD may play a role in cold-resistance in plants [4] . It has been reported that the cold-resistance of plants increases with increased unsaturation of fatty acids in membrane lipids [5] . In addition, SAD may also be involved in senescence regulation and resistance to fungal infection and mechanical damage [6, 7] . 
MATERIALS AND METHODS

Experimental materials
Five peanut varieties, including E11, E16, Luhua14, SPI056
and Hebeigaoyou were all selected from the Shandong Peanut Research Institute, Qingdao, China. The SAD gene was cloned from mature seeds of E16. Mature seeds and three kinds of 12-day-old tissues, including roots, stems and leaves of the above varieties were used for real-time PCR analysis. The PCR product was processed using the method used for the 5' and 3' cDNA end amplification product, and then sequenced by Songon.
Bioinformatic and phylogenetic analyses of the SAD gene
The open reading frame (ORF) and encoded amino acid sequence of the SAD gene were deduced by Bioxm 2.6. The NCBI Blastn and Blastp programs were used to determine the phylogenetic neighbor sequences of the gene sequence and the amino acid sequence. Bioedit, in combination with Clustal X, was used for multiple amino acid sequence alignment analysis. respectively. Based on the deduced amino acid sequence and other related amino acid sequences selected from the NCBI database, a phylogenetic tree was constructed using MEGA4
in combination with Clustal X.
Real-time PCR analysis
The real-time PCR analysis was performed using a To ensure accuracy, all the experiments were performed in triplicate.
RESULTS
Bioinformatic analysis of the SAD gene's nucleotide and amino acid sequences
A 1499bp cDNA containing the complete coding region of the SAD gene was cloned from seeds of the peanut strain E16.
The accession number of the SAD gene in NCBI GenBank is showed that Leu (9.9%), Glu (8.1%), Ser (7.9%), Arg (7.4%) and Ala (7.1%) are the most abundant residues, while Pyl and Sec are absent. Peanut SAD contains 56 negatively charged residues (Asp + Glu) and 53 positively charged residues (Arg + Lys). Its grand average of hydropathicity (GRAVY) was estimated to be -0.508, suggesting that this protein is hydrophilic. The prediction of sub-cellular location suggested that this protein is most likely located in chloroplasts with a probability score of 0.951. Secondary structure prediction by PredictProtein indicated that this protein is composed of 50.49% α-helix, 5.91% extended strand and 43.60% random coil. The tertiary structure algorithm predicted that peanut SAD is a compact globular protein (Figure 4 ). 
Phylogenetic analysis
We selected twenty-one amino acid sequences from NCBI GenBank database for a phylogenetic analysis, including eleven steroyl-ACP desaturase sequences that contain our peanut SAD sequence, five delta-9 acyl-lipid desaturase (ALD) sequences and five steroyl-CoA desaturase (SCD) sequences.
The phylogenetic tree grouped the three kinds of delta-9 fatty acid desaturases into different clades, and although the ALD clade and the SCD clade were evolutionarily close, the SAD clade was far away from the other two ( Figure 5 ). highly homologous to those of SAD from other higher plants. Lindqvist et al. (1996) analyzed the crystal structure of SAD from castor and found that except for a hairpin loop at the C-terminus, the secondary structure was primarily a helix domain composed of 11 smaller α-helices [16] . A di-iron active center composed of two iron atoms was buried in the helix bundle structure. Due to the high level of homology of SAD among plants, it is likely that the structure of peanut SAD is similar.
SAD, ALD and SCD are all delta-9 fatty acid desaturases, and a phylogenetic analysis was performed on the amino acid sequences of these isozymes isolated from a variety of organisms. This analysis grouped each of the three isozyme types into a different clade, with the SAD clade being relatively distant from the other two. This suggested that the three types of delta-9 fatty acid desaturases have evolved independently and that the SAD family may have evolved to become more specialized. Shanklin and Somerville (1991) found that there was no homology between the SAD genes of plants and the SCD genes from yeasts and animals, nor any structural similarity [15] . The phylogenetic analysis in this study also indicated that the homology of the three isozymes was low even within species and that the SAD clade was distant from the other two clades. This may be related to the fact that SAD is a soluble fatty acid desaturase, while the others are all membrane-bound proteins.
Real increased [18] . In addition, SAD also plays important roles in stress resistance, especially cold resistance [4, 19] . Kodama et al. (1995) found that a SAD gene mutant of A. Thaliana with elevated stearic acid levels did not grow as well as the control group at low temperatures [5] . Tasseva et al. (2004) found that SAD expression in B. napus cultivated at low temperature was up-regulated resulting in elevated SAD protein levels [4] . In this study, a cDNA sequence containing the complete coding region of the SAD gene was obtained from the peanut, and its nucleotide and amino acid sequences were analyzed. 
